Objectives: To develop and validate the Pediatric Vestibular Symptom Questionnaire (PVSQ) and quantify subjective vestibular symptom (i.e. dizziness, unsteadiness) severity in children.
INTRODUCTION
Vestibular disorders are the most common cause of dizziness in children with a prevalence of 0.7-15%. [1] [2] [3] Vestibular migraine, benign paroxysmal vertigo of childhood (a migraine precursor), post-concussion dizziness due to head trauma and viral vestibular neuritis are the most common diagnoses. [4] [5] [6] [7] However, these disorders may often remain undiagnosed in children [8] as medical professionals may attribute symptoms to a behavioral disorder or "clumsiness". [9, 10] This may partly be because children are often unable to express or describe their symptoms without appropriate questioning, may readily accept the symptom terminology proposed by an adult, and may demonstrate behaviors such as clinging to the parent when experiencing dizziness or vertigo. [5, 10, 11] Vestibular disorders may lead to secondary psychological symptoms and avoidance behaviors with adverse effects on educational achievement and quality of life. [12, 13] A detailed medical history, to ascertain symptoms, triggers and time course is the cornerstone of the diagnostic decision making process. [4, 5] It is therefore of the utmost importance to help a child explain his/her symptoms by providing different descriptors, in order to determine etiology and establish a diagnosis. [11] Although a number of questionnaires [14, 15] exist to assess the presence, severity, and impact of vestibular symptoms in adults, there are currently none available for the pediatric population.
This study aimed to develop and validate a questionnaire, the Pediatric Vestibular Symptom Questionnaire (PVSQ), to identify and quantify subjective vestibular symptoms (i.e. dizziness, imbalance) in children between 6-17 years of age. A secondary study aim was to investigate the relationship between vestibular symptoms and behaviors indicative of psychological problems in healthy children and those with a vestibular disorder or concussion.
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PATIENTS AND METHODS
PVSQ design
The PVSQ aimed to identify and measure the severity of common vestibular symptoms in children. The design and validation [16, 17] consisted of three main phases: i) expert panel review of initial PVSQ items; ii) pilot study to assess the validity and reliability of the PVSQ questionnaire; and iii) main validation study and collection of normative data.
An expert consensus panel comprising three consultant pediatric audio-vestibular physicians, two physical therapists and a psychologist constructed and selected questionnaire items. Items were chosen from the validated, vestibular sub-scale of the Vestibular Symptom Scale [14] and from symptoms recorded in clinic reports for children diagnosed with a vestibular disorder at the Audiological Medicine Department, Great Ormond Street Hospital (GOSH), London, UK. The 11-item questionnaire was modified (wording alterations, bigger font size) after review for ease of completion and acceptability by 10 healthy children and 5 with a vestibular disorder aged between 6-15 years old. Children answered the questionnaire based on a concrete reference period of how frequently symptoms were experienced during the previous month as this "anchors" the question, making it easier for a child to answer. [16] Each item was rated on a 0 (never) to 3 (most of the time) scale; a "don't know" category was also included. The total score ranged from 0-33 and was normalized based on the equation: total score/(total question number -"don't know" replies) to yield a score of 0-3 with higher scores indicating greater symptom severity. Ten questions are used in the normalization equation. Question 11 which asks children if their symptoms prevent activity participation, and if yes, to identify which ones, is not included in the equation. The final questionnaire is provided in Table 1 . 
PVSQ validation
Procedure
The study comprised of completing a) the PVSQ; b) a question set asking about migraines, frequent dizzy spells, severe stomach pain, vomiting, loss of consciousness, binocular vision or hearing difficulty, medication, and regular doctor visits (Appendix 1); and c) the Strengths and Difficulties Questionnaire (SDQ), a brief behavioral screening questionnaire for 4-17 year olds. [18, 19] The SDQ informant (4-10 years old) and self-report versions (11-17 years old) both include five subscales: emotional, conduct, hyperactivity/inattention, peer relationship problems and prosocial behavior. Subscale scores range between 0-10; the total score is the sum of the first four scales (range 0-40). The English UK and US versions (www.sdqinfo.org) were used for participants recruited in the United Kingdom and United States, respectively. balance and gait were excluded. Diagnostic criteria for a peripheral vestibular disorder [20] , bilateral vestibular hypofunction [21] , vestibular neuritis [22] , migraine [23, 24] and migrainous vertigo [25] are included in the online information supplement. Post-concussion dizziness was diagnosed based on complaints of dizziness and/or balance problems on the Post-Concussion Symptom Scale or ImPACT® test. [26] All children were medical referrals to UPMC and had a clinical and functional evaluation by physiotherapists with expertise in examining and treating children with concussion.
Three-hundred children aged between 6-17 years old were recruited from three primary and two secondary mainstream schools in the Greater London area as a healthy control group. A total of 168 questionnaires were eligible for inclusion. Exclusion criteria for the control group included a "yes" answer to questions (Appendix 1) for experiencing migraines (n=58), frequent dizzy spells (n=27), vomiting, stomach pain, and /or loss of consciousness, in addition to a neurological, psychological (n=2) or orthopedic diagnosis or infection with the human immunodeficiency virus (n=1), history of substance abuse (n=2), abnormal SDQ scores (n=14) or an incomplete PVSQ (n=2) or SDQ (n=26).
Written informed consent was obtained from all children and their parents before participating in the study. Ethical approval was obtained from the Institute of Child Health/GOSH Research Ethics Committee, London, UK and the institutional review board at the University of Pittsburgh, PA, USA. 
Data Analysis
IBM SPSSv.20 (IBM Corp., Armonk, NY) was used for statistical analysis. Data are presented as mean (standard deviation). Reliability was tested using the Cronbach alpha score for total PVSQ items less one item at a time to examine whether reliability decreased when an item was excluded. Exploratory factor analysis with principal axis factoring (PAF) and Varimax orthogonal rotation to aid interpretability determined construct validity. The Kaiser criterion (eigenvalue ≥1) and a scree plot depicting the descending variances that account for the factors extracted in graph form was used to identify how many factors should be retained. [27] For the scree plot, factors lying before the point where eigenvalues began to drop were retained.
Receiver operating curves (ROC) assessed discriminant validity in order to calculate the PVSQ's sensitivity and specificity in discriminating healthy children from those with vestibular symptoms. Mann-Whitney tests determined between-group differences for age and questionnaire data. A Chi-Squared test determined between-group gender differences. Spearman's correlation assessed the relationship between PVSQ scores, age, gender, binocular vision and SDQ scores in both groups and migraine and hearing difficulty only for children with vestibular symptoms; only significant correlations are reported. Significant results were assumed if p≤0.01.
RESULTS
Demographics
Mean age significantly differed between-groups (U=3182, z=-3.931, p<0.001). Compared to healthy children, those with vestibular symptoms reported hearing difficulty significantly more frequently (U=4117, z=-4,935, p<0.001). No between-group gender or binocular vision difficulty differences were noted. Demographic data may be found in Table 2 . 
Internal consistency reliability
The PVSQ obtained a Cronbach alpha score of 0.88. Item-deleted statistics showed no significant change in alpha scores (range 0.85-0.88). All items correlated significantly with the total score; a corrected total-item correlation ≥0.4 suggested that each item had discriminative capacity.
Factor analysis
The PAF's suitability to the ten PVSQ components was assessed prior to analysis. The correlation matrix revealed that all variables had many correlation coefficients >0.3 and the factorability of the correlation matrix was confirmed (Kaiser-Meyer-Olkin value =0.9, Bartlett's Test of Sphericity p<0.001). [28] PAF analysis revealed two factors explaining 49.5% and 10.4% of the total variance (59.9%), respectively. One item ("feeling unsteady, about to lose balance") loaded onto both factors. Factor loadings of the rotated solution are presented in Table 3 .
Discriminant validity and comparison between groups
The PVSQ score significantly differed between healthy children and those with vestibular symptoms (U=444, z= -10.183, p<0.001; Table 4 ). No significant differences were noted between children diagnosed with a vestibular disorder vs. concussion. ROC analysis demonstrated that the PVSQ was able to discriminate between the two groups. The optimal cutoff score was 0.68 (out of 3) with a sensitivity of 95% and specificity of 85%. The area under the curve (with 95% confidence intervals) was 0.95 (0.92-0.99, p<0.001). The ROC curve with various cut-off scores for discriminating between-groups is shown in Fig. 1 . symptoms which impacted on their activity participation. The most commonly reported symptoms were headache or feeling of pressure (79.6%), a light-headed or swimmy feeling (65%), and a feeling that things are spinning or moving around (57%). Other symptoms reported as impacting on activity participation were nausea (42.9%); feeling unsteady, about to lose balance (40.8%); blurry vision, difficulty seeing things clearly and/or spots before the eyes (28.6%); unable to stand or walk without external support (28.6%); fuzzy or cotton wool feeling in the head (22.5%); unsteadiness resulting in a fall (12.2%); and/or ear pressure (8.2%).
In children with vestibular symptoms a significant relationship was noted between PVSQ scores, hearing (r=0.47, p<0.001) and binocular vision (r=0.34, p=0.01) difficulties only, whereby children with vestibular symptoms and hearing and/or binocular vision difficulty reported higher (i.e. worse) PVSQ scores.
SDQ
Significant between-group differences were noted for the self-rated version whereby children with vestibular symptoms had significantly higher scores compared to healthy children for the emotional (U=1590, z=-4.329, p<0.001) and hyperactivity (U=2103, z=-2.47, p=0.01) subscales. However, both informant and self-rated SDQ total and subscale scores were within normal ranges for healthy children, as expected based on exclusion criteria, as well as for children with vestibular symptoms, who were not excluded if they had abnormal scores (n=10)(Table 4). A significant relationship was noted between mean PVSQ and self-rated SDQ emotional 10 (r=0.24,p=0.01), hyperactivity (r=0.27,p<0.01) and total (r=0.25,p=0.01) scores in healthy controls, whereby higher total SDQ and relevant subscale scores correlated with higher PVSQ scores. In children with vestibular symptoms, a significant positive relationship was noted between PVSQ and parent-rated SDQ hyperactivity (r=0.93, p=0.01) and total (r=0.94, p=0.01) scores.
DISCUSSION
This study presents the first pediatric vestibular symptom questionnaire for children experiencing vestibular symptoms of dizziness and/or unsteadiness. The questionnaire demonstrated properties of robust reliability, construct and discriminant validity.
When validating a questionnaire that has no other validated measure with which to compare, construct validity must be assessed by developing a hypothesis regarding the relationship of the questionnaire scores and the condition's effect on the target population. [29] With this data set, it was predicted that children with vestibular symptoms of dizziness/imbalance post-concussion or due to another vestibular disorder would demonstrate higher scores, representing significantly more severe symptoms, compared to healthy children.
The results support that the PVSQ accurately assesses vestibular symptom severity in children with vestibular symptoms. The ROC area under the curve indicates a test with "excellent accuracy" in separating those with and without abnormal levels of dizziness and/or unsteadiness. [30] The optimal cut-off score correctly identifies an abnormal level of vestibular symptoms in 95% of children and can accurately report 85% of healthy children.
Factor analysis resulted in the retention of all items organized into two subscales representing symptoms regarding 'dizziness' or 'balance'. 'Dizziness' is a non-specific symptom while vestibular vertigo is defined as rotational, positional or recurrent dizziness with nausea, gaze and/or postural instability. [31] However, "objects turning or spinning around you" and "the sensation of turning or spinning yourself" were the most commonly reported dizziness descriptors in a pediatric study. [13] The sensation of spinning in the head with no environmental movement is common in a migraine equivalent and usually associated with headache. [11, 13, 32] In our study, 41% of children with vestibular symptoms presented with a migraine history, and items relating to headache and spinning loaded onto the 'dizziness' subscale. However, both children and adults with vestibular complaints report varying manifestations of dizziness [14, 33] and as expected other symptoms also loaded onto the 'dizziness' subscale with one PVSQ item, which loaded onto both subscales, being accepted. In the Humphriss et al [13] study, children were only asked to report "spinning dizziness" but a significant number reported "other sensations" while approximately 30% used at least three different descriptors for their dizziness.
Postural and gait instability are well documented for children with vestibular presentations.[4, [34] [35] [36] [37] [38] [39] "Balance" loaded as an independent factor with three items relating specifically to postural and gait instability, feelings of unsteadiness and falls. A Cronbach's alpha of 0.8 [40] or 0.7 for a new instrument [41, 42] is considered reliable. The PVSQ achieved a Cronbach's alpha above these recommended values indicating high internal consistency. Alpha if item-deleted statistics (i.e. overall alpha value if that item is excluded from the calculation) and the correlation of ≥0.4 for all items with the total score also suggest that all items contribute to the PVSQ's reliability. Some items might be considered to be redundant within a single score-generating screening tool in view of the strong item correlations. However, a recent report stated that numerous diverse potential symptom descriptors should be proposed when assessing children with dizziness and/or unsteadiness so that they can choose those relating to how they are feeling, which can also assist in determining etiology. [11] As children find it difficult to describe their highly variable dizziness symptoms, [5, 10, 11, 13, 43] and in view of the brevity of the PVSQ, all items were maintained.
The percentage of children with vestibular symptoms reporting activity limitations due to their symptoms is similar to that in adults with vestibular dysfunction [31] , but higher than in other child studies. [4, 13] The discrepancy in findings may be influenced by question wording differences [13] or the study population. Previous studies recruited children from the general population [4, 13] while in our study they were recruited from tertiary clinics and had a confirmed vestibular diagnosis.
PVSQ scores significantly correlate with binocular vision and/or hearing impairments, suggesting that these impairments have an additive effect on vestibular symptom severity. This is unsurprising as the relationship between hearing impairments and vestibular function [44, 45] or concussion [46, 47] is well documented while increased vertigo symptoms [48, 49] and impaired postural control [49] have been reported in children with ophthalmologic disorders but normal vestibular function. However no relationship was noted between binocular vision and PVSQ scores in healthy children which may be due to the small number of children reporting ophthalmological impairments in our sample.
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Psychological issues are reported as a consequence of concussion [50, 51] and migraine [52] , while approximately 50% of children with episodic vertigo [52, 53] have clinically significant SDQ scores. [53] Current findings also show significantly worse emotional and hyperactivity SDQ subscale scores for children >11 years of age with vestibular symptoms compared to healthy controls, although both groups had mean scores within normative ranges. Older children in the current study completed the self-rated SDQ version while parent data was obtained for all ages in Lee et al [53] , and the SDQ score discrepancy may be due to the version completed as only a low to modest child-parent agreement has been noted. [54, 55] The tendency for higher scores in our patient cohort, in contrast to other studies in which parents were more likely to regard problems as clinically significant [54, 55] may indicate greater subclinical behavioral and emotional difficulties in our patient sample. This may increase the risk for developing psychopathology in the future [56] and children with vestibular symptoms should be screened for associated psychological symptoms. [52, 53] A significant relationship was noted between PVSQ and self-rated SDQ scores in healthy participants and the informant version for patients. In healthy adolescents a significant correlation has been reported between multiple, recurrent subjective health complaints (i.e. headache, dizziness, backache, fatigue) and higher SDQ scores, indicating greater emotional/behavioral problems. [57] Recurrent subjective health complaints focus on reoccurring symptom frequency rather than specific diagnoses and we hypothesize that in healthy participants the relationship between PVSQ and SDQ scores may be due to the presence of subjective health complaints in a percentage of participants. It is unclear why significant correlations were noted only for the informant-rated SDQ in patients, but as it was only 14 completed for six participants no conclusions can be drawn. Additionally, although vestibular symptom severity directly impacts on perceived handicap, near zero correlations have been noted with anxiety. [14] Since the SDQ is designed as a behavioural screening questionnaire as opposed to measuring handicap, it is understandable that no significant relationship was noted between PVSQ and self-rated SDQ scores in the larger patient cohort.
This study does present with some limitations. Further research on test-retest reliability and responsiveness to change over time is needed to further validate the PVSQ for clinical use. In its current state, the questionnaire is not validated for children with learning disabilities. The National Centre for Research Methods state that questionnaires should be adapted for this population who experience reading and comprehension difficulties. In particular, if the aim is to ensure accuracy of answers, questions should not have more than five response options, the language should be simpler and visual images should be employed (http://www.pssru.ac.uk/pdf/dp2721.pdf accessed on 12 July 2015;
http://eprints.ncrm.ac.uk/491/1/MethodsReviewPaperNCRM-012.pdf accessed on 12 July 2015).
Likewise, children with neurological or orthopedic deficits who may also have vestibular dysfunction but for example will also experience unsteadiness due to reasons in addition to or other than the vestibular diagnosis were excluded from the current study. This does not imply that the questionnaire cannot be used in children with a neurological disorder or orthopedic deficit, but rather in these patient cohorts answers to individual answers would need to be considered carefully in the context of the specific diagnoses and impairments present.
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CONCLUSIONS
The development of the PVSQ as a reliable and valid measure provides a tool for assessing the presence and severity of subjective vestibular symptoms in children with vestibular disorders or concussion. 
ABBREVIATIONS
